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Crustal Evolution Education Project (CEEP) modules x 
were designed to: (1) provide students with the methods and results \ 
of continuing investigations int^> the composition, hi storyT^trfd ' 
processes &f the earth's crust and' the application of this knowledge 
to man' s Activities ancj (2) to be used by teachers with little or no 
previous background in the modern theories of sea-floor spreading, 
continental drift, and plate tectonics. Each module consists of two 
booklets: a / teacher's guide and student investigation. The teacher's 
guide contains all of the information present in the student 
investigation booklet as* well as: (1) a general introduction; (2) 
prerequisite student bacKground; (3) objectives; (4) list of required 
materials; (5) backgrpund information; (6) suggested approach; (7) 
procedure, including riumber of 45-minute class periods required; (8) 
summary questions (with answers); (9) extension activities; and (10) 
list of references. Two class periods ar^e suggested to complete the 
activity in this module in which students sketch a labeled 
cross-section showing stages in the collision of two plates- 
containing continental! masses, identify a mountain range resulting 
from continental collision, identify lithospheric jplates, on which 
continents are colliding, and list three kinds^of evidence that some 
modern continental mas;ses are in collision. <Aijfchor/C[N) u 



r 



* A* ******** 



************* ,*********!**** **.********************************,* ^**** 

* Reproductions supplied by EDRS are the best that can be made -t ^ x 

* " from the original document. * 
*************************************** #* ****** ************************ 




CRUSTAL 
EVOLUTION 
EDUCATION 
PROJECT 



U S. DEPARTMENT OF EDUCATION 
NATIONAL INSTITUTE OF EDUCATION 

EDUCATIONAL RESOURCES INFORMATION 

y CENTER (ERIO 
This document na* been reproduced as 
receded from the person or organ<zatK>n 
ortgtnaung f 

Minor changes have been made to <mpr 0 ve 
reproduction qua^Ty 

* Points of »»ew oropin»ons stated m this docu 
i^m do -^ot necessarJy represent official NiE 
pO**t«or 0' pof CV 



"PERMISSION TO REPRODUCE THIS , 
MATERIAL IN MICROFICHE ONLY 
HAS BEEN GRANTEp BY? . 



TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) ' 



What Happens 
When Continents 

Collide? 



O 

■o 
■o 
o 



D 

n 
o 

5 

i 

o 

I 




TEACHER'S GUIDE 

Catalog No.*34W1030 

For use with Student Investigation 34W1130 
- Class tljne: two 45-mlnute periods 

Developed by 

THE NATIONAL ASSOCIATION OF GEOLOGY TEACHERS 

Produced and Distributed by 
Wards Natural Science Establishment, Inc. Rochester, NY • Monterey/CA 



NAGT Crustal Evolution 

Edward C. Stoever, Jr., 

Welcome to the exciting world of current research 
into the composition history and processes of the 
eanh s crust and the application of this knowledge 
to nan s activities The earth sciences are 
currently experiencing a dramatic revolution in 
our understanding of the way in which the earth 
jvorns CEEP modules are designed to bring into 
the classroom the methods and results of these 
continuing investigations The Crustal Evolution 
Education Project Degan work in 1974 under 
the auspices of the National Association of 
Geoiogy Teachers CEEP materials have been 
ae.eiooed b/ teams of science educators 
c sssroom teachers and scientists Prior to 
t ideation tne materials were field tested by 
" ore f^an 200 teachers and over 12 000 students 
C ir^ert crystal evolution researcn is a breaking 
s*o r / f ^a r s'jde^ts are living through today 



Education Project 

Project Director 

Teachers and students alike have a unique 
opportunity through CEEP modules to share in the 
unfolding of these educationally important and 
exciting advances CEEP modules are designed 
to provide students with appealing firsthand 
investigative experiences with concepts which are 
at or close to the frontiers of scientific inquiry into 
plate tectonics Furthermore 4 the CEEP modules 
are designed to be used by teachers with little or * 
no previous background in the modern theories 
of sea-floor spreading continental drift and plate 
tectonics 

We know that you will enjoy using CEEFL 
modules m your classroom Read on and be 
preoared to experience a renewed enthusiasm for 
t^ac h ing as /ou learn more about the living earth 
m *nis and other CEEP modules 



About CEEP Modules... 

V'os* CEEP modules consist of two, booklets a 
T eacners Guide and a Student Investigation The 
Teacne^s Guioe contains all the information 
a^d illustrations m the Stuoent Investigation 
o\ .is sections printed in color intended only for the 
teacner as A/e'< as answers to the questions that 
are included m the Student Investigation 
In some modules tnere are illustrations that 
appear only mine Teachers Guide and these are, 
designated Dy -igo^e letters instead of the number 
sequence usee in the Student Investigation 

For some modules maps rulers and otfier 
co^^on c'assroom materials are needed and in 



wary.ng quantities according to the method of 
presentation Reaa over the module before 
scheduling its use in class and r efer to the list of $ 
MATERIALS in tne module 

Eacn module is individual ana self-contained in 
content but some are divided into two or more 
Darts for convenience The recommended length 
of "hme for each module is indicated Some modules 
require prerequisite knowledge of some aspects 
of oasic earth science this is noted m the 
Teacher s Guide 1 * * 



The material was prepared with'the 
support of National Science Foundation*, 
Granr Nos SED 75-2CPI51 SED 77-08539, 
and SED 7^8-25104 However, any opinions 
findings conclusions or recommen^tions 
expressed heroin are those of the author(s) 
anrj 0o not necessarily reflect the views 
of NSF 

In order to comply with jj S Public Law 
94-86 every school district in the U S A 
using these materials agrees to make 
them available for inspection by parents or 
guardians of children engaged in 
.educational programs or projects of the 
school district 
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What Happens When 
Continents Cpllide? 



INTRODUCTION 

The theory of plate tectonics states that earth's , 
crustal plates hrave always been in motion. Plates 
that are separating from each other allow lava 
to well up from the mantle to rise to the ocegn 
floor. As the lava cocfis^ new ocean Crust f 
forms at the mid-ocean mountain range to fill the 
gap left by the separating plates (See Figure 1 ) 
Where plates are moving toward each other, 
there is a problem— the ocean lithosphere must be . 
destroyed This.'happens when the ocean Mtho- ^ 
sphere of one plate sinks downward under 
the opposing plate. This downward motion of a 
plate is called subduction. An ocean trench marks 
the place where one plate, ts subducting under 
another. (See Figure 2.) 

However, if the subducting platp is carrying a part 
of a continent, the situation becomes more 
complex Continental crust has a 'lower density 
than ocean crust. Scientists' think that because of* 
the density difference between the two types 
of crust, the continental crust cannot be 
subducted. Near the border of th£ continent are 
abyssal plain and corrtmental margin sediments. 
These, too, have low density .How will the 
sediments and continental rocks on one plate 

. behave as they Sre drawn together with 
continental rocks of another plaife? Haslhis 

* happened in the past 7 is it happening today? 




Figure 1 Magma rises into mid-ocean ndfcje 
At the same time, plates move apart from each 




Figure 2 % One crustal plate subducting under 
' another 
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BACKGROUND INFORMATION 

The Eurasian Plate was formed by the collision of 
separate European and Asian plates. The Ural 
Mountains are the result of this collision about 250 
million years ago. India was once part of the 
southern supefcontinent called Gondwanaland. 
v When Gondwanaland split apart, Indja began % 
a counterclockwise rotation and northward 
migration. The collision of the Indian and Eurasian 
plates began about 40 to 60 million years ago. 
It has caused fold mountain formations and 
thickening of the continental crusjt in the area 
stretching -from Afghanistan to southeastern 

* China. Recent earthquakes in the Himalayan 
mountain region and to the nofth'show tnat t^e 

, collision process is still active. However, t 
the earthquake pattern is possibly not related 
* exclusively to the collision process. Research on 
this aspect of plate tectonics is continuing. 

SUGGESTED APPROACH — a i 

Students can perform this activity individually if 
provided with a pre-assembled continental 
collision device. Alternatively, two students could 
easily assemble the paper strip of the continental 
collision device and do the activity in one lab 
period. In this case, for safety reasons, provide 
students with cardboard in which the subduction 

* slit has already been cut and widened. Students 

• can tape the stationary block of furring strip 
• to the cardboard base. 
** * 

If more than one class is to use.the device, then 
ask each student or team to carefully disassemble 
the device when finished with it. 
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The Eurasian Plate was formed by the collision of 
separate European and Asian plates. The Ural 
Mountains are the result of this collision about 250 
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SUGGESTED APPROACH 

Students can perform this activity individually if 

provided with a pre-assembied continental 

coll|sion device. Alternatively, two students could 

easily assemble the paper strip of the continental 

collision device and do the activity in one lab 

period. In this case, for safety reasons, provide 

students with cardboard in which the subduction 

' slit has already been cut and widened. Students 

can tape the stationary block of furring strip 

to the cardboard base. 
** • 

If more than one class is to use, the device, then 
ask each student or team to carefully disassemble 
the device when finished with it. 
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PROCEDURE 

In this activity students learn to simulate the colli- 
sion of continental litjiosphere resulting from 
plate motions. 
Key words: none 

Time* required: two 45-minute periods 

Material: one continental collision device 

1. Figure 3 stiows the continental collision device 
On Figure 3 label the wooden furring strips 
"continental crust/' Label the slit "marginal "\ 
trench " Label the paper strip "oceanic crust and 
hthosphere " Label the colored napkin "oceanic 
sediments" and the white napkin "continental* 
margin sediments " • 



2. Use one hand to grasp the end of the strrp of 
paper that extends through the slit in the t 
cardboard of tile continental collision devic§. 
Slowly pull the strip of pap£r downward. Try 
to puM'evenly so the paper strip doesn't shift from 
side to side Stpp pulling when- the moving block 
has traveled as far as it will go. . ♦ 



Fumng strip 




End of paoer strip 



Figure 3. Continental collision.device ready for use „ 



In the space below, write sentences that tell what 
happened to the simulated ocean sediments 
and continental margin sediments. 
At first, the ocean sediments moved toward the 
stationary continent without being disturbed.. 
Then, the sediments hit against the stationary 
continent and began to form into fold mountains. 
After that, the continental margin sediments 
began to form into foid mountains. 
In the .space below, sketch a cross-section of 
the model to show .the final arrangement of 
continental blocks and sediments Label the type 
of mountains formed by the mbtion of simulated 
sediments between the two continental blocks. On 
your diagram make asterisks (*) to show where 
earthquakes might occur during a combined 
subduction and collision pr6cess on the real earth 

Student sketches will not be as detailed as 
example shown below, but the crumpled condi- 
tion of the napkins should be apparent in 
their diagrams, ^ 

/ 



3. In the space below, tell what might happen 

if the simulated continental'blocks were made of , 
clay instead of wood. 

The blocks would also change shape through 
folding and faulting because otthe collision. 

4. Study the topography of the Indian Plate and 
adjacent countries of the Eurasian Plate on the 
physical map of the ocean floor In the space 
below, describe how the topography of that 
area is similar to that simulated on your 
continental collision device 

The Indian^landmass is relatively Hat except for 
the northern region, There, the Himalay^Moun- 
tains have been formed by the collision of 
India with Asia. 

5. Pull the moving block and paper strip back to 
their original positions Slide the bobby pins along 
the paper strip to return the napkins to their 
original positions 
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Figure A. Side view of continental collision device after pulling strip of paper. 
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SUMMARY QUESTIONS mmzmmmmmm 

1. How does the theory of plate tectonics explain 
continental collisions? 

> W^6n a lithospheric plate carrying a continent 
is subducted under another plate with a continent 
near its edge, fhen^the two continents may 
eventually collide/ ^ 

2. What happens to ocean^and continental 
hnargin sediment^lymg between the moving* 
continental blocks? 

Such sediments are compressed to form fold 
mountains. (Faults usually occur also, but they 
cannot be simulated by the continental collision 
device.)/ 

( \ • 

3. Bas^d on results from the continental collision. 

simulation, describe three kinds of evidence 
that might prove two continental masses were 
moving together: 

a earthquakes (where?)— 

Along the^borders of the two continents and 

along the subducting oceanic iithosphere.' 

b sedimentary rocks (where in relation to 
continental masses 9 What kind?)— 
Folded sedimentary rocks between \\}e two 
continental masses should show evidence of ocean 
sediments and continental margin sediments. 

c kind of topography- 
Fold mountains. 

EXTENSION 

Refer to a diagram that shows how*the continents 
were joined to form the supercontinent Pangaea 
Now study the physiographic diagram of the 
ocean floor to see where mountains might have 
formed when these continents first came 
together to form Pangaea List the names of these 
mountains. s ' 

Students will discover that such mountain ranges 
as the Atlas of North Africa, the Alps of southern 
Europe and the Appalachians of the eastern 
United States are the results of early continental 
collisions. 

REFERENCES ^i^^^^^^^,^ 

Matthews, S.W , 1973, This changing earth 
National Geographic, v. 143, no. 1 (Jan.), 
p. 1-37. 

Molnar, P and Tapftemief, P., 1977, The collision , 
between India and Eurasia. Scientific American, 
V. 236, no. 4 (Apr.), p 30-4). / 



NAGT Crustal Evolution, • 
Education Project Modules 

CEEP Modules are listed here in alphabetical 4 
order Each Module is designed for use in 
the number of class periods indicated. For 
suggested sequences of CEEP Modules to 
cpver specific topics and for correlation 
of CEEP Modules to standard earth science 
textbooks, consult Ward's descriptive 

literature on OEEP The Catalog Numbers 
shown here refer to the CLASS PACK 
of each Module consistmg of a Teacher's 

Guide and 30 copies of the Student ^ 

Investigation See Ward's descriptive • * 

.literature for alternate order quantities 
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?hPrf>of for foreign publications or 
publications »n other than the English 1 
languagp appv to the copyright owner or 
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Student Investigation 
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What Happens Yfhen 
Continents Collide? 



I NTR 0 D U CTI 0 N ^^^^^^^^^^^^^um^U 
The theory of plate tectonics states that earth's 
crystal plates have always been in motion. Plates 
that are separating from each other allow laya 
to well u-p from the mantle to rise to the ocea'n . > 

floor As the lava coots, new ocean crust 
forms at-the mid-ocean mountain range to fill the 
gap left by the separating plates (See Figure 1 ) 
Where plates are 1 moving toward each other, 
there is a problem— the ocean fcthosphere must be 
destroyed This happens when the oceaahtho- 
sphere.of ane plate sinks downward under 
the opposing plate This downward motion of a 
plate is called subduction An ocean trench marks^ 
the placed/here one plate is subducting under 
another (See-Figure 2 ) 

However, if the subducting plate is carrying a part 
of a continent, the situation becomes' more 
complex Continental crust has a lower density 
than ocean crust. Scientists think that because, 
the tiensity difference between the two types' 
of crust, the continental crust cannot be 
subducted* Near the border of the continent are 
abyssal plain and continental margin se'diments 
These, too, have low density How will the 
sediment^and continental rocks on one plate 
behave as they are drawn together with 
continental rocks of another plate? Has this 
happened in the past 9 Is it happening today 9 




Figure 1 Magma rises upward into mid-ocean 



ridge Plates move apart from each other 



Sea level 



Continental crust - 



Oceanic crust 



'Upper martfle - 



-(hthosphere) 



Mantle (asthenosphere) 




Earthquake 



Illustration key 



Figure \ One crus^al plate sabdupting under 
another. - . „ 
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. OBJECTIVES ?^^s^'553s^^^«s^^^«s^^^ 
After ylbu have completed this actively, you should 
be able to \ 

' 1.- Sketch a labeled cross-section showing stages 
in the collision of two plates containing * ' ^ 
continental masses. / . 
2. fdentify at least one, mountain range that has 
resulted from collision of continents. 
•3. Identify lithosphQj-ic plates on which 
contments'are colliding N 
4. List at least three kinds of evidence that sc^rie 
moctern continental masses arein cgllision *v 

PROCEDURE ' v ^ < — 

Material, one continental collision device 

J\\ Figure 3 shows the continental collision device 
On Figure 3 label the wooden furring strips 
"continental crust " Label the slit "marginal 
v trench M Label the paper strip "oceanic crust and 
lithosphere " Label the colored napkin "oceanic 
sediments ' and the white napkin "continental 

njargin sediments " 

i 

m Furring strip 



f / 



2. Use one hand to grasp the end of the strip of 
paperthat extends through the slit in the 
cardboard of the continental collision device 
Slowly pujl the strip of paper downward Try 
to pull eyenly so the'paper strip doesn't shift fro^ 
side to side Stop pullrng when the movjng block 
has traveled 1 as far as it will go 



>ljj^c 



<8> 



White napkin 



Colored napkin 



Paper strip 




Bobby pins 



Slit in cardboard 



End of par^r strip 



Figure 3. Continental collision device j&atf? for use 
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In the^space below, wrtte sentences that tell yvhat 
happened to the simulated ocean sediments 
and continental margin sediments. 



3. In the space below, tell what might happen 
if the simulated continental blocks were made of 
clay instead of wood 



0 



4. Study the topbgraphy of the Indian Plate arid 
adjacent countries of the Eurasiarf Plate on the 
physical map of the ocean floor In the space 
below, describe how the topography olf that 
.areais similar to that simulated pn your 
continental collision device 



In the space below, sketch a cross-section of 
the rHodel to show the'fmal arrangement of 
continental bJoafcs and sediments. Label the type 
of mountains) formed by the motion of simulated 
sediments between-the two continer^al blocks Oa 
.your diagram make asterisks (*) to show wher^ 
earthquakes might oc<fur during a combined 
subducttorrand collision process on the real earth 



5. Pull the moving block and paper strip back to 
their original positions. Slide the bobby pins along 
the paper strip to return the napkins to their 
original positions 



t 
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SUMMARY QUESTIONS ^ ^\,^^*****&* 

1. How does the theory of plate tectonics explain 
continental collisions 9 1 



J 



3. Based on results from the continental collision 
simulation, describe three kinds of evidence 
that might prove two continental "masses were 
moving together 

a earthquakes (where 9 )— 



2. What happens to ocean and continental 
margin sediments lying between the moving 
continental blocks 9 



/ 



b sedimentary rocks (where in relation; to 
continental masses 9 What kind 9 )— 



c kind of topographyi 



EXTENSION l 

Refer to a diagram that show£ how*the continents 
were joined to form the supercontinent Pangaea fl 
Now study the physiographic diagram of tbe 
ocean floor to see where mountains might have 
formed whea these continents first came 
together to rorm Pangaea tisUthe names of these 
mountains . 
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